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® Rubber stopper for sealing. 

@ A rubber stopper for sealing comprises a substrate of a 
rubber stopper which is partially or wholly coated with a fluo- 
rine-containing elastomer comprising a graft copolymer having 
rubber-tike elasticity and having chemical linkages of fluorine- 
containing polymeric segments and organopolysiloxane seg- 
ments at reactive sites of said segments. 
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BACKGROUND OF THE INVENTION : 

FIELD OF THE INVENTION: 

The present invention relates to a rubber stopper for sealing. 
More particularly, it relates to a rubber stopper which is partially 
5 or wholly coated by a cured coating layer of a specific fluorine- contain- 
ing elastomer. 

* « 

DESCRIPTION OF THE PRIOR ARTS: 

Recently, it has been discussed on impurities adhered on a 

rubber stopper for sealing especially a rubber stopper for pharmaceu- 

10 tical application such as for sealing an injection. The impurities may 

be certain impurities remained on the rubber stopper after washing it 

or certain impurities formed by contacting the rubber stopper with a 

chemical solution, which are formed by various phenomena. According 

to a scanning electron microscope observation of the surface of the 

2 3 

15 rubber stopper after washing, at a magnification of about 10 to 10 
times, concave portions and adhesion of solid impurities are found. 
. They may cause to increase impurities in ageing. In the rubber, 
a curing accelerator, carbon black, zinc oxide, titanium oxide and 
sulfur are incorporated. During the sterilization of the rubber stopper 

20 or the contact with a chemical solution, it is difficult to prevent the 
migration of the additive or the filler on the surface of the rubber 
stopper or dissolution of the additive or the filler. 
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When the sterilization with hot water or steam or ethylene 
oxide gas is performed after equipment of the rubber stopper on a 
bottle for an injection, such impurities may not be eliminated even 
though the virus and bactcyrium (hereinafter virus) can be 
5 eliminated . 

The rubber for the rubber stopper usually has high friction 
coefficient to cause difficulty for removing virus and impurities 
adhered on the surface of the rubber stopper. The rubber stoppers 
having the tacky surface are mutually adhered each other whereby 

10 if is difficult to prevent a trouble caused in the stopper closing opera- 

tion or the sterilization. During the transportation and storage of the 
rubber stoppers, the tacky adhesion problem causes a trouble. 

Chlorinated butyl rubber used for a rubber stoppers of a 
vial bottle is a chlorinated product of butyl rubber obtained by copoly- 

15 merizing isobutylene as a major component with isoprene as a minor 

component whereby there is possibility to cause chemical reaction 
on the surface of the rubber stopper in the sterilization with ethylene- 
oxide. It has been proposed to coat the surface of the rubber stopper 
with various synthetic resin coatings or cured synthetic rubber coat- 

20 ings in order to overcome various disadvantages for the rubber stopper 

for sealing especially rubber stopper for pharmaceutical application 
such as for sealing an injection. The synthetic resin coating is formed 
by laminating a synthetic resin film on the surface of the rubber stop- 
per coated with the binder or forming a synthetic resin film in one 

25 piece on the surface of the rubber stopper. Such process usually 

requires complicated operations or sometimes is not applicable depend- 
ing upon the configuration of the rubber stopper. The adhesion strength 
is not high enough whereby it may be peeled off during the use. 
Moreover, the synthetic resin coating sometimes may diminish the func- 

30 tion of the rubber stopper for sealing. As the cured synthetic rubber 

z 
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coating layer, a cured fluorinated rubber coating having excellent 
chemical resistance and heat resistance can be considered. The 
adhesion characteristic to various substrates is not satisfactory. 

According to various studies, a coating of cured rubber 
5 having self- adhesion property of a copolymer of propylene, 

tetrafluoroethylene and glycridyl vinyl ether is chemically stable in various 
sterilization of the rubber stopper to satisfy certain requirements, 
however, the contamination of the impurities caused by leaching or 
dissolving the impurities can not be prevented. 

10 . Various studies have been made under the consideration of 

such problems. As a result, the following surprizing fact has been 
found. The graft copolymer obtained by a chemical reaction of reaction 
sites of both the segments of a polymer having epoxide group obtained 
by a copolymerization of glycidyl vinyl ether as the fluorine- containing 

15 polymeric segments and a polymer obtained by a copolymerization of 

a siloxane having amino group as the organopolysiloxane segments, 
is a fluorine- containing elastomer having excellent heat resistance, 
chemical resistance and freezing resistance and can be formed as a 
cured coating layer having excellent properties on the surface of the 

20 rubber stopper and can substantially prevent contamination of the 

impurities. 

The specific cured coating layer has lubricating property 
to prevent the trouble of tacky adhesion. 



i 
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SUMMARY OF THE INVENTION: 

It is an object of the present invention to provide a rubber 
stopper for sealing which has a cured fluorine- containing elastomer 
coating layer having excellent heat resistance, chemical resistance 
5 and freezing resistance and lubricating property to prevent contamina- 

tion of impurities. 

The foregoing and other objects of the present invention 
have been attained By providing a rubber stopper for sealing which 
comprises a substrate of a rubber stopper which is partially or wholly 
10 coated with a fluorine- containing elastomer comprising a graft copoly- 

mer having rubber -like elasticity and having chemical linkages of 
fluorine -containing polymeric segments and organopolysiloxane seg- 
ments at reactive sites of said segments. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS: 

15 It is important to form a coating layer of a cured specific 

fluorine- containing elastomer on the surface of the rubber stopper. 
Such cured elastomer coating layer has excellent characteristics of 
lubrication and nontackiness whereby it provides a rubber stopper 
for sealing which prevents adhesion of virus or impurities and has 

20 not disadvantages of mutual tacky adhesion in closing operation, 

transportation and storage. It also provides a rubber stopper for 
sealing which is coated with a cured elastomer coating layer which is 
chemically and physically stable in various sterilizations. Moreover, 
in the optimum embodiment of the present invention, the cured 

25 elastomer coating layer can be formed by heat- curing in the absence 
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of any vulcanization accelerator. The dissolution of impurities from 
the body of the rubber stopper can be prevented and the dissolution 
of impurities from the cured elastomer coating layer can be also 
decreased. * * 

In the present invention, the fluorine -containing polymeric 
segments comprises at least one kind of polymerized fluorinated olefin 
parts, preferably, the elastic copolymer of two or more different 
monomeric units having reactive sites A. More specifically, the 
aforementioned segment can be selected from tetrafluoroethylene- 
propylene copolymer; tetrafluoroethylene 'perfluoroalkylperfluoro vinyl 
ether copolymer; vinylidene fluoride-hexafluoropropylene copolymer; 
and vinylidene fluoride-pentafluoropropylene copolymer; furthermore, 
vinylidene fluoride- trifluorochloroethylene copolymer; tetrafluoro- 
ethylene- ethylene-isobutylene copolymer; ethylene-hexafluoropropylene 
copolymer; tetrafluoroethylene- buthene-1 copolymer; tetrafluoro- 
ethylene- ethylvinyl ether copolymer; tetrafluoroethylene- CF NO 

o 

copolymer; and vinylidene fluoride- per flu or oalkylperfluorovinyl ether 
copolymer. 

The ratio of the monomeric units can be in a wide range 
as far as the resulting copolymers are elastic, such as for example, 
the copolymer of 40 - 70 mol % of tetrafluor oethylene . and 60 - 30 mol % 
of propylene; the copolymer of 50 - 90 mol % of vinylidene fluoride, 
10 - 50 mol % of hexafluoropropylene and 0-30 mol % of tetrafluoro- 
ethylene; the copolymer of 30 - 90 mol % of tetrafluoroethylene and 
70-10 mol % perfluoroalkylperfluorovinyl ether; and the copolymer 
of 50 - 90 mol % vinylidene fluoride and 10 - 50 mol % pentafluoro- 
propylene and others. 

It is also possible that the said fluorine- containing polymeric 
segments contain the major chain with reactive sites, together with 
other monomeric units in appropriate amounts. 
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For example, the tetrafluoroethylene/propylene copolymer 
can incorporate a desired other unit such as vinylidene fluoride, 
ethylene, isobutylene, acrylic acid,acrylic acid esters, methacrylic 
acid, methacrylic acid esters, hexafluoropropylene, trifluorochloro- 
ethylene, chloroethyl vinyl ether and perfluoroalkyl vinyl ether. 

The present organopolysiloxane segments can be selected 
from the well known or available organopolysiloxane s but of course not 
limited thereto. A wide variety of organopolysiloxanes, such as 
homopolymers or copolymers comprising components of dimethyl- 
siloxane or methylphenyl siloxane or trifluoropropyl siloxane having 
reactive sites B therein. 

In the present invention, the aforementioned reactive sites 
A and B result chemical reaction to form the grafting sites to link 
chemically the fluorine- containing polymeric segments and the organo- 
15 polysiloxane segments forming the graft copolymers. Such reactive 

sites can be illustrated by the following examples: -CH-CH 

v 

" CH 2 CH 2 C1 * _CH 2 NHR ( R represent hydrogen atom or alkyl group) 
-CH 2 COOH, -CH^)-OH, -SiOH , -CH=CH 2 , -iiH . 
These reactive sites result chemical reactions according to the 
20 following scheme; 

-CH-CH,+RHNCH_- — * -CHCH 0 NRCH„- 
\ / & * | 2 2 

O OH 

I I 

-CH-CH +HOSi- — > -CH-CH.-O-Si- 



25 



O OH 



•CH-CH 2 +HO-@-CH 2 ) -CHCH 2 0-@-CH 2 

O OH 



BNSDOOD: <EP 0027028A1_I_> 



0027028 



-CH=CH 2 + HSi- -CHg-CH^i- 

-CH 2 CH 2 C1+RHNCH 2 » -CH 2 CH 2 NRCH 2 - 

-CF=CF 2 +-H 2 NR- > -CFH-CFNHR- 

The combination of a polymer having epoxide group as the 
fluorine -containing polymeric segments and a polymer having the 
amino group or carboxylic group as the organopolysiloxahe segments 
which have the reactive sites are desirable, and of course, the 
alternative combination of a polymer having the amino or carboxylic 
group as the fluorine- containing polymeric segments and a polymer 
having the epoxide group as the organopolysiloxane segments are also 
possibly used. The reactive groups can be selected by careful consid- 
eration of the reactivity of the sites to be grafted, easiness for 
production of the segments having the reactive site, the stability of 
the formed grafted linkages etc. 

The polymeric segments having reactive sites may be 
prepared by various means, but can smoothly, effectively be prepared 
by copolymerization of the aforementioned main chain monomer unit 
and the monomer unit of reactive site, that is the fluorine -containing 
polymeric segments having the reactive site A can be obtained by 
copolymerization of a main monomer such as a fiuorinated olefin and 
the monomer having reactive site A, and the organopolysiloxane 
segments having reactive site B can be prepared by the copolymeriza- 
tion of the organosiloxane having reactive site B and the main chain 
component monomer, such as, for example, dimethylsiloxane. 
The monomer having reactive site A can be glycidyl vinyl ether, 
acryiic acid, methacrylic acid, 2-chloroethylvinyl ether, glycidyl 
acrylate. The monomer having reactive site B can be selected from 
the group of organosiloxanes, such as illustrated below: 
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? H 3 f H 3 CH 3 

fci 2 aici 2 sici 2 

Q-CH >C H 2 , Q3H 6 NHC 2 H 4 NH 2J CgH^ 
O 



I 3 | 3 

SiCl 0 SiCl 
2 | 2 



C 3 H 6 NH ^® • Q-COOH 

The present fluorine -containing elastomers are the graft 
copolymers having rubber-like elasticity, comprising the fluorine- 
10 containing polymeric segments and the organopolysiloxane segments 

which are chemically linked through the reactive sites A and B. 

The average degree of polymerization of said segments 
may vary within a wide range, but generally 50 - 10,000 for the 
fluorine -containing polymeric segments, and about 50 - 50,000 for 
15 the organopolysiloxane segments. 

The fluorine- containing polymeric segments can be formed 
as main chain, while the organopolysiloxane segments are formed 
as branch, or, of course, vise-verse, or even in a mixed mode there- 
of, for example, the combination of the fluorine -containing polymeric 
20 segments having a number average degree of polymerization of more 

than 100 and the organopolysiloxane segments having a number average 
degree of polymerization of less than 3, 000, or the combination of the 
fluorine- containing polymeric segments having a number average 
degree of polymerization of less than 1, 000, and the organopolysiloxane 
25 segments having a number average degree of polymerization of more 

than 3,000. Preferably, the number average degree of polymerization 
of the fluorine- containing polymeric segments is in a range of about 
100 - 5, 000, and that of organopolysiloxane segments is in a range of 
about 100 - 30, 000. 
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The ratio between the number of branches to one main 
chain in the graft copolymer is in a range of about 1/50, 000 - 1/10, 
preferably, 1/30,000 - 1/100. 

According to the present invention, the branch segments 
can be prepared during the course of graft copolymerization, for 
example, the organopolysiloxane segments comprising vinyl group 
as reactive site are used as the trunk polymer, and then the fluorinated 
olefin is grafted on the trunk polymer to form fluorine -containing 
polymeric segment^ as the branch chain. However, it is more easily 
prepared when the said main chain polymeric segments and branch 
polymeric segments are separately prepared, and then chemically 
linked through the reactive sites A and B. Because the possible gel 
formation can easily be controlled. 

The polymeric segments having reactive sites can be 
selected from the aforementioned group, and the molar ratio of 
reactive sites to each segment may vary within a wide range, generally, 
within 0.01-20 mol %, preferably 0. 1 - 5 mol %. If the concentration 
of reactive site is too low, the graft copolymerization cannot smoothly 
performed and if it is too high, the cross-linking reaction causes prefe- 
rentially to form excessive three dimensional network, resulting in an 
undesired product which fails to give any rubber-like elastomer of 
excellent properties. Therefore, the said ratio must be selected 
depending upon the average degree of polymerization, reactive site 
properties and monomeric unit constituting the polymeric segments, 
and the molar ratio of the fluorine- containing polymeric segments to 
the organopolysiloxane segments, all of which depend on the required 
properties and/or purpose of the graft copolymer to be obtained. 
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In the present invention, the ratio of the fluorine- containing 
polymeric segments to the organopolysiloxane segments in the said 
graft copolymers can also vary within a wide range, depending on the 
average degrees of polymerization of the said segments, the required 
properties and purpose of the graft copolymers, and further which 
part of the said segments is selected for the main chain 
of the copolymer to be prepared. Generally, the ratio can be selected 
within about 1 - 2, 000 parts by weight of the organopolysiloxane seg- 
ments, preferably,-- about 5 - 1,000 parts by weight, per 100 parts by 
weight of the fluorine- containing polymeric segments. 

The graft copolymerization between the aforementioned 
segments through reactive sites is most preferred embodiment to 
obtain the fluorine- containing elastomers and can be carried out by 
various means and condition for the reaction. It is also preferred to 
promote the graft copolymerization in organic solvent wherein the 
two segments are ensured to be mixed homogeneously, that is, after 
both the segments are completely dissolved in good solvent, the graft 
copolymerization is carried out, in view of the smooth and effective 
reaction and the uniform reaction. Such organic solvent can be 
fluorochlorohydrocarbons, esters, ketones and cyclic ethers such 
as trifluorotrichloroethane, trichloroethylene, ethyl acetate, acetone, 
methyl ethyl ketone, tetrahydrofuran and dioxane. 

The reaction temperature can also vary depending on the 
combination of the reactive sites incorporated in the segments. 
In the case of the combination of epoxide group and amino group, 
the temperature can be room temperature or a refluxing temperature 
of the solvent, or even it is possible to proceed the reaction in the 
condition that the solvent is being evaporated. 
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The reaction time may not be specified, and depending on 
the reaction temperature, it may be set between 10 minutes and 
several hours. It is possible to perform the reaction under the condi- 
tion of homogeneous solution and then to react the unreacted portion 
of reactants by heating or drying during the solvent evaporation. 
It is also possible to remove the unreacted portion of the polymeric 
segments by a desired solvent extraction, for example, carbon tetra- 
chloride or n-hexane which extracts only the siloxane segments, can 
be used. 

In the formation of a cured fluorine -containing elastomer 
coating layer, various curing means can be employed. In order to 
improve the efficiency for curing the elastomers effectively, it is 
preferable to give curing sites in the graft copolymer. Such curing 
sites can be incorporated into either the fluorine -containing polymeric 
segments or the or ganopoly siloxane segments, or even both the seg- 
ments by the same methods as specified for the incorporation of the 
aforementioned reactive sites. The compound having the curing site 
can be copolymerized with the monomer having reactive site A or that 
of B. The curing sites may be or may not be the same chemical 
species as that of reactive sites; in case that the same functional group 
is employed for the curing site, any one of the reactive sites combina- 
tion capable to form the graft linkage must be in excess amount, so that 
the unreactive sites can be used as the curing sites. 

Depending on the chemical species for the curing site, the 
present fluorine- containing polymeric elastomers may be classified 
as peroxide -curable type, amine- curable type and so forth. 

The curing sites for the fluorine -containing polymeric 
segments can be selected from the group as illustrated below; 
glycidylvinyl ether, glycidylacrylate, chloroethylvinyl ether, acrylic 
acid, methacrylic acid, bromotrifluoroethylene, CF =CF-OCF 9 CF=CF 
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vinylidene fluoride, CH^CHO-C^CF-CF^ hydroxyethylvinyl ether. 
The curing sites for the organopolysiloxane segment can be 



CH n CH ch 

aci. sici i 



sici 2 . . sici 2 



=CH 2 , (CH 2 ) 3 NH 2 . (CH 2 ) 3 NHC 2 H 4 NH 2 , 

fci 2 siCl 2 
(CH 2 ) 3 NH-^) , (CH 2 ) 3 OCH-CH-CH 2 . 

O 

The ratio of the amount of curing sites to that of graft copolymer is in 
a range of about 0. 1 to 5 mol % based on graft copolymer. 

When glycidyl vinyl ether is used as units for curing, the 
curing characteristics of the specific fluorine -containing elastomer 
is excellent whereby various crosslinking processes such as chemical 
crosslinking processes using an organic peroxide or an amine or 
15 radiation crosslinking processes such as radiation of ionized radiation 

of J* -rays or electron rays can be employed. In the case of a curable 
composition using the specific curing accelerator, it is possible to 
perform the curing at a relatively low temperature such as about 
room temperature. 

20 The specific curing accelerators include tertiary amines, 

salts thereof and combinations of a tertiary amine and a hydroxy 
compound. 

Suitable tertiary amines include benzyldimethylamine, 
O-methylbenzyl dimethylamine, dimethylaminomethyl phenol, 
25 tris(dimethylaminomethyl) phenol, diethylaminopropylamine, N- 

aminoethylpiperazine, methylimidazole, triethylenediamine, 
N,N'-bisalkylpiperazine, 4, 4 '-trim ethylene dipyridine, N-ethyl- 
morpholine, 1, 8-diazabicyclo(5, 4, 0) undecene-7 and hydroacid salts 
thereof. 



13 
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Suitable hydroxy compounds used in the combination with 
the tertiary amine include octanol, cyclohexanol, phenol, ethylene - 
glycol, propyleneglycol, polyethyleneglycol, polypropyleneglycol, 
hydroquinone, cateShol, resorpinol, 2, 2 f -bis(4-hydroxyphenyl) propane 
(Bisphenol A), 1, 3, 5-trihydroxybenzene, dihydroxynaphthalene, 
4, 4 f -dihydroxydiphenyl, 4, 4'-dihydroxystilbene, 2, 2'-bis(4-hydroxy- 
phenyl) butane (Bisphenol D), 2, 4-dihydroxybenzophenone, 2,4- 
dihydroxybenzoic acid, 4, 4 , -dihydroxydiphenylsulfone J 2-methyl- 
resorcinol,trimethylol alkyloxyphenol and tris(4-hydroxyphenyl) 
methane. 

Although chemical stability of crosslinkages is slightly 
inferior to these of the application of said curing accelerator, aromatic 
polyamines such as xylenediamine, methaphenylenediamine, diamino- 
diphenylmethane and diaminodiphenylsulfone; and alicyclic or hetero- 
cyclic polyamine such as methanediamine and bisaminopropyltetra- 
oxaspiroundecene, can be also used as curing accelerators crosslink- 
able at room temperature. 

The curing accelerator is used at a ratio of about 0. 1 to 
10 wt. parts per 100 wt. parts of the specific fluorine -containing 
elastomer. The curing is performed at a temperature from room 
temperature to about 250°C. The typical compositions which are 
curable at room temperature are as follows. 

Specific fluorine- containing elastomer: 100 wt. parts 
MT- carbon black: 0 to 60 wt. parts 

Hydroquinone: 0. 2 to 2 wt. parts 

Tris(dimethylaminomethyl) phenol: 0. 2 to 2 wt. parts 

The curable composition is kneaded in a mixing roll mill 
or an open roll mill etc. and is fabricated in a sheet having a thickness 
of about 0. 5 to 1 mm and is cut in a suitable size and dissolved in a 
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solvent to obtain a solution. The solvent such as ethyl acetate, 
tetrahydrofuran and 1, 1, 2-trichlorotrifluoroethane is used at a ratio 
of more than 150 weight parts, preferably 150 to 230 wt. parts per 
100 wt. parts of the'curable .composition. It is possible to incorporate 
a viscosity regulator such as butyl acetate and isoamyl acetate into 
the solvent. The mixed solvent of ethyl acetate and butyl acetate can 
be at a ratio of 100 : 100 to 200 : 100. The solution of the curable 
composition is preferably adjusted before application to have a concent- 
ration of the polymer of less than about 20 wt. % preferably about 10 
to 0. 5 wt. % and a viscosity of less than about 1, 000 cp preferably 250 
to 100 cp at 25°C. When the solution is coated on a part of the surface 
of the rubber stopper, it is coated by a brush or a spray coating method. 
When it is coated on whole of the surface, it is preferably coated by a 
dipping method. The amount of the coated solution is usually to give a 
thickness of the cured coating layer of about 1 to 100^ preferably about 
2 to lOfi though it can be less than 1 jjl . The curable composition can be 
coated by a powder coating method instead of the use of the solution. 

The heat- curing of the curable composition comprising 
a curing accelerator is usually performed at about 80 to 250°C. 
The typical curable composition can be cured at room temperature, 
for example, a cured coating layer which is firmly bonded on the 
surface of the rubber stopper can be formed only by keeping the 
coated one at room temperature for about 3 to 14 days. 

The curing of the fluorine- containing elastomer having 
glycidylvinyl ether component as the curing units can be performed 
by heating at about 130 to 200°C preferably about 140 to 160°C for 
about 5 to 30 minutes preferably about 10 to 20 minutes without any 
curing accelerator. When the rubber stopper is used for the pharma- 
ceutical application such as the sealing of an injection, a side- effect 
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caused by the presence of the curing accelerator may be considered, 
however, such trouble can be prevented by said heat- curing whereby 
hygiene and safety for handling of medicines can be maintained. 
The coating of the curable, composition on the surface of the rubber 
stopper can be performed by the same manner as the curing of the 
curable composition containing the curing accelerator. 

In the curable composition of the fluorine- containing elasto- 
mer with or without the curing accelerator, it is possible to incorporate 
various additives such as metal oxides such as magnesium oxide and 
zinc oxide; reinforcing agents such as carbon black and fine silica; 
a filler; a pigment; an antioxidant and a stabilizer, if necessary. 
It is also possible to incorporate the other synthetic or natural rubber 
or a synthetic resin at a ratio that the characteristics of the fluorine- 
containing elastomer are not deteriorated. The components of the 
curable compositions can be mixed by the conventional mills such as 
rubber kneader,roll mill and Banbury mixer. 

In accordance with the present invention, the adhesion 
strength of the cured coating layer which is partially or wholly coated 
on the surface of the rubber stopper can be remarkably improved by 
incorporating the fluorine -containing elastomer into the composition 
for the body of the rubber stopper. Thus, when the cured fluorine- 
containing elastomer coating layer is coated on the surface of the 
rubber stopper which is made of chlorinated butyl rubber having 
excellent gas impermeability, and steam impermeability which is 
used on a vial bottle, the sterilization by using ethylene oxide gas 
can be effectively performed because of excellent heat resistance 
and chemical resistance of the cured coating layer, and moreover 
the sterilization by using a boiling water or steam can be also effective- 
ly performed because the adhesion is not lost by the hot water. The 
amount of the fluorine- containing elastomer incorporated in the 
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composition for the body of the rubber stopper can be only small and 
usually in a range of about 1 to 50 wt. parts preferably 4 to 10 wt. parts 
per 100 wt. parts of the composition for the body of the rubber stopper. 

The cure*d coating layer of the present invention has excel- 
lent surface slippage because of excellent lubricating characteristic, 
whereby the trouble of mutual adhesion of the rubber stoppers to 
prevent smooth closing operation and the adhesion of virus or impuri- 
ties can be prevented. Thus, the cured coating layer coated on the 
surface of the rubber stopper is effective to prevent the adhesion of 
virus and impurities. Even though virus or impurity is adhered on 
the layer, the sterilization can be effectively performed without 
dissolution of an impurity. As the optimum embodiment, the cured 
coating layer can be formed without any curing accelerator. There- 
fore, hygiene and safety as the rubber stopper for pharmaceutical 
15 application can be satisfactorily maintained. 

The fluorine- containing elastomer used in the present 
invention has excellent heat resistance and chemical resistance as 
the common characteristics of fluorinated rubbers and has the improv- 
ed lubricating property. In the optimum embodiment, the curable 
property and the adhesive property are remarkably improved. In the 
case of the rubber stopper which should have excellent gas impermea 7 
bility and water vapor impermeability, the special rubber such as 
butyl rubber, chlorinated butyl rubber, brominated butyl rubber or a 
mixture of chlorinated butyl rubber and polybutadiene which has such 
properties is used for the composition of the body of the rubber stopper. 
In the other cases, natural rubber and various synthetic rubbers such 
as butadiene rubber, nitrile rubber, styrene- butadiene rubber, 
chloroprene rubber, epichlorohydrin rubber, ethylene-propylene 
rubber and ethylene-propylene-diene rubber can be used for the 
composition of the body of the rubber stopper by coating the cured 
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coating layer on the surface of the rubber stopper. Thus, the difficulty 
for selecting a rubber depending upon kinds of an injection contacting 
with the rubber stopper and resistance to the injection can be over- 
come. The difficulty for selection of the rubber and inconvenience can 
be eliminated and an erroneous use of the rubber stopper can be 
prevented. 

The present invention is further illustrated by the following 
examples. It should be understood, however, that the present invention 
is not limited by the* description. 



REFERENCE 1: 



Fifty grams of the fluorine- containing polymeric segment 
of average degree of polymerization being 800 (number) which had 
molar ratios of C 2 F 4 : CgHg : glycidyl vinylether of 54 : 44 : 2, 
respectively, was dissolved in 500 ml. of ethyl acetate at room 
temperature. After complete dissolution, 50 grams of polysiloxane 
haying an average degree of polymerization of 200 and having the 
formula 

< eH 3>3 Si °-{ f ° j- ~\ f ° ) Si(CH 3 ) 3 

CH 3 C 3 H 6 NHC 2 H 4 NH 2 

was added to react them for 16 hours at room temperature, followed 
by refluxing at 77°C for further 2 hours. The solvent was then remov- 
ed by a distillation and the reaction product was dried. The unreacted 
polysiloxane was extracted by using 100 ml. of carbon tetrachloride. 
The purified polymer dried in vacuum deccicator was found to be 
transparent elastomer having a decomposition temperature of 305°C. 
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The polymer was found to contain 23 weight % of polysiloxane and 

77 weight % of the fluorine-containing polymeric segment in a partially 

gelled form. 



REFERENCE 2 : 

In accordance with the process of Reference 1 except using 
70 g. of polysiloxane having an average degree of polymerization of 
3„ 000 (number) and having the formula: 

/f H 3\ /f H 3 \ 

(CH 3»3 1f° } (SIO V-Si(CH 3 ), 

0 o 6 2 

and 30 g. of polysiloxane, a reaction was carried out to obtain a graft 
polymer which was a transparent soft polymer which was not substan- 
tially dissolved in carbon tetrachloride in a partially gelled form. 



REFERENCE 3 : 

Seventy grams of fluorine- containing polymeric segment 
of low degree of polymerization, whose number average degree of 
polymerization being 135, and molar ratios of C 2 F 4 : CgHg : glycidyl 
vinylether being 55 : 42 : 3, respectively, was dissolved in 300 grams 
of CF 2 C1-CFC1 2 (hereinafter R-113). Thirty grams of polysiloxane 
having the formula 

,CH oV r H 



^icifc. _I- Si(CH 3>3 



^CH 3 10 °P^C 3 H 6 NHC 2 H 4 NH 2 / 50 
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and having an average degree of polymerization of about 10, 000 was 
dissolved in different portion of 200 grams of R-113. These solutions 
were mixed at room temperature and was gradually heated up to 47 °C, 
the boiling temperature of R-113. After the reaction mixture was 
5 refluxed for 24 hours, R-113 was removed by a distillation/ The graft 

polymer prepared was dried at 75°C in vacuum for 5 hours to obtain a 
soft, transparent polymer which was not substantially extracted by 
carbon tetrachloride, but was soluble in tetrahydrofuran. 

REFERENCE 4: 

Fifty grams of fluorine- containing polymeric segment 
having a number average degree of polymerization of 100, having a 
molar ratio of vinylidene fluoride: hexafluoropropylene being 70 : 30 
was dissolved in 200 grams of methyl ethyl ketone. 50 Grams of the 
same polysiloxane used in Reference 3 was dissolved in another port- 
portion of 300 grams of methyl ethyl ketone. Both the solutions were 
mixed at room temperature, and the reaction mixture was then 
gradually heated up to the boiling point of methyl ethy ketone and 
refluxed for 24 hours. After removing methyl ethyl ketone by distil- 
lation, the polymer was dried in vacuum at 120°C for 5 hours, to 
obtain a transparent pale yellow polymer which was not substantially 
extracted by carbon tetrachloride, but was soluble in tetrahydrofuran. 
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REFERENCE 5: 

Two types of the polymers having molar ratios of C F : 
C 3 H 6 : BlyddylvinJi ether of 56 : 42 : 2, respectively, were prepared. 
One of them had the average degree of polymerization of 800, and the 
other 2, 700. Fifteen grams each of the polymers prepared was dis- 
solved in 500 grams of R- 1 1 3 . 3.3 Grams of poly siloxane having 
the formula 

/? H 3\ / CH 3 \ /CHgX 

" (CH 3>3 Si ° -f f ° f 4 fO A~4 ko )- Si(CHJ 

CH 3 ^^s^ ICH 2 ) 3 NH<|) 

was dissolved in 15 grams of R-113, which was gradually added into 
the above described solution containing the fluoropolymers. The 
mixture was stirred for three hours at room temperature, followed 
by elevating the temperature up to 50°C to evaporate R-H3 during 
the next 1. 5 hours to continue the reaction. The reaction was 
further continued at 80°C for 3 hours under a reduced pressure to 
remove the solvent to obtain a transparent soft and homogeneous 
elastomer which was soluble in tetrahydrofuran. 



REFERENCE 6: 

Fifty grams of polysiloxane latex (EP-40L, Shinetsu 
Kagaku K. K. ) comprising a copolymer of dimethylsiloxane and methyl 
vinyl siloxane, 0. 25 g of ammonium persulphate, 0. 07 g of sodium 
bisulfite, 1. 0 g of disodium phosphate 12 hydrate, 0. 25 g of ammonium 
perfluorocarboxylate, 0. 08 g of glycidylvinyl ether were charged into 
a 100 ml. autoclave, which was then degassed and the mixed gas of 
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tetrafluoroethylene and propylene (molar ratio of 85 : 15) was 
introduced under a pressure of 23 kg/cm at room temperature. 
The polymerization reaction was initiated at 50°C. After 5 hours, 
the temperature of Ihe reactor was lowered to terminate the reaction. 
The latex was freeze- coagulated to" obtain 20 grams of a polymer which 
was a slightly gelled soft rubber. 

EXAMPLE 1: 

• 

Each of the fluorine- containing elastomer obtained in 
Reference 2 or Reference 5 was dissolved in 1,1, 2-trichlorotrifluoro- 
ethane containing a small amount of ethyl acetate to prepare each 
solution of the fluorine- containing elastomer having a concentration 
of 5 wt. %. Each rubber stopper made of butyl rubber having a flat 
circular top having a diameter of 20 mm for a vial bottle was dipped 
in the solution to form a coating layer on a whole of the surface of the 
rubber stopper. The coating layer was dried and heated at 150°C for 
30 minutes to prepare rubber stoppers A and B which were respective- 
ly coated with each cured coating layer having a thickness of bfi. 

As a test of slippage characteristics of the cured coating 
layer, the rubber stopper for the vial bottle was put in upside down 
on a phenol resin plate coated with a polytetrafluoroethylene coating 
layer. One edge of the phenol resin plate was gradually raised at a 
linear velocity of 8 mm/min. from the horizontal position. The angle 
of the plate at the time slipping down the rubber stopper A or B was 
measured. The angle was about 30° in both the cases, and was 
superior to 40° in the case of a rubber stopper coated with a silicone 
coating layer. 
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As a test of adhesive property of the coating layer in boiling 
water, the rubber stopper A or B was dipped in hot water at 100'C for 
3 hours. The cured coating layers of the rubber stoppers A and B 
were not peeled off? On the other hand, a rubber stopper made of 
butyl rubber which was wholly coated with a cured fluorinated rubber 
paint (Perflon paint: manufactured by Kinyosha) for a vial bottle was 
tested by the same test method. The coating layer was peeled off 
under the same test condition. 

Various toxicities were tested by the test methods of 
Ministry of Helth and Welfare order No. 434. The rubber stoppers 
A and B were satisfactory in all test items whereas the rubber stopper 
having a cured fluorinated rubber paint coating layer was not satisfac- 
tory in certain test items. 

As a test for bacteria resistance of the cured coating layers 
of the rubber stoppers A and B, the tests of MIL-E- 5272 C using 
common four bacteria groups were respectively carried out. Any 
growth of bacteria was not found within 30 days. 

As a test for weight gain by treating in hot water or steam, 
modified rubber stoppers A and B having each cured coating layer 
having a thickness of 10/f (only modified thickness of A and B) were 
tested. Four rubber stoppers having the cured coating layer having 
a weight of about 2. 4 g were precisely weighed and dipped in hot 
water at 140°C under higher pressure for 2 hours and dried in an 
atmosphere at 105°C for 10 minutes. As a result, 0. 27% of a weight 
gain percent was measured. This is only about 1/7 of 1. 95% of a 
weight gain percent of the rubber stopper having no coating layer. 
When steam was used instead of hot water, similar result was found. 
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EXAMPLE 2 AND COMPARATIVE REFERENCE 1: 

A rubber stopper made of a mixture of 100 wt. parts of 
butyl rubber and 5 wt. parts .of the ^fluorine- containing elastomer 
obtained in Reference 1 for avial bottle was coated with a solution 
5 of the fluorine- containing elastomer obtained in Reference 2 in 

• 1,1, 2-trichlorotrifluoroethane at a concentration of 2 wt, % by dipping 
to form the coating layer on the whole surface. The layer was dried 
and heated at 130°C for 60 minutes to obtain a rubber stopper C coated 
with a cured coating layer having a thickness of ^ ft . Various proper - 
10 ties of the coated rubber stopper C were tested. As a reference, 

the commercially available butyl rubber stopper having no coating 
layer was used. The test results are shown in Table 1. 
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Table 1 





Standard 


Rubber 
stopper C 
having coat- 
ing layer 

(Exp. 2) 


Commercially 
available rub- 
ber stopper 
having no coat- 
ing layer 
(Como. Ref. 1) 


Extract solution *1) 


> 99% 


100-99.9% 


99.7% 


UV absorption *2) 


< 0.2 


0.01-0.02 


0.01-0.02 


pH of extract solution 
*3) 


< 1.0 


0. 1 


0.5 


flnilPlimntl'nn j-i-f 
uuuouilip UUIl OI 

KMn0 4 *4) 


< 2.0 


0. 5 


0.5 


iNcetut; penetration 
pressure *5) 


<800 g 


400-430 g 


410 g 


Tackiness *6) 


< 50° 


29-31° 


rfcU 


Number of peeled 
pieces *7) 


< 5 


0 


0 


Number of fine 
particles *8) 


2-3 fi 


12 


25241 




3-5// 


7 


24836 




5-7yU 


4 


8397 




7-10fl 


2 


1773 




10-20// 


2 


755 
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Note : Measurements 

*1) to *4) Test method for rubber stopper for transfusion 

*5) A rubber stopper is fitted to a vial bottle and a needle for 

injection is penetrated for 2 times. A weight for the 
5 penetration of the needle is measured by Autograph-IS- 

2000 (manufactured by Shimazu). The needle for injection 

is a 1/8 needle for intravenous injection. The velocity for 

penetration is 500 mm/min. 
*6) See Example 1. 

10 *7) A rubber stopper is fitted to a vial bottle filled with a water 

for injection and a needle is penetrated for 5 times. The 

water is filtered through a filter paper. The filter paper 

is dried and observed by a microscope. 
*8) A rubber stopper is fitted to a vial bottle filled with water 

15 having no contamination. The bottle is shaked for 5 minutes 

and number of particles is measured by a fine particle 

tester (HIAC-Fc-320 Type). 



EXAMPLES 3 to 5: 



Hundred grams of a fluorine- containing polymeric segment 

20 having a number average degree of polymerization of 400, having 

molar ratios of C^F. : C 0 H e : glycidyl vinyl ether of 54 : 44 : 2 was 
2, 4 3 o 

dissolved in 1 kg. of R-113 (1, 1, 2-trichlorotrifluoroethane). 
A solution of polysiloxane having the formula 

? H S ? H 3 ? H 3 
25 (CHgJSiCXSiO^^^SiO^ (W 2 -SiO(CH 3 ) 2 

CH 3 ^2h NH 2 ( tH 2 ) 3 NH <E> 
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in R-H3 at a concentration of 10 wt. % was added to give 3 g. of the 
polysiloxane (Example 3), 10 g. of the polysiloxane (Example 4) and 
20 g. of the polysiloxane (Example 5) to the solution of the fluorine- 
containing elastomer to obtain each solution. Each solution was coated 
on a butyl rubber stopper and dried and cured at 150'C for 30 minutes 
to obtain each rubber stopper having a coating layer having a thickness 
of 15^. The lubricating property of the rubber stopper, the condition 
of the coating layer and the number of fine particles after boiling 
non- contaminated Water were tested. The results are shown in 
Table 2. 



Table 2 





Example 3 


Example 4 


Example 5 


Lubricating property #1) 


40 


30 


25 


Condition for coating layer 


good 


good 


good 


Fine particles *2) 
(less than 5/J) 


200 


300 


2000 



Note: *i) see Example 1 

*2) After treating in hot water at 120°C under higher 
pressure, fine particles are measured by a fine 
particle tester (HIAC). 
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EXAMPLES 6 to 8: 

The solution of the fluorine- containing polymeric segment 

in R- 113 used in Examples 3 to 5 was admixed with the following 

solutions to obtain three kinds of the mixed solutions. A solution of 

5 a fluorine- containing polymer of C 9 F and C_H C (molar ratio of 55 : 45) 

£t 4 3d 

having a number average degree of polymerization of 1, 000 in R-113 
(10 wt. %). A solution of polyorganosiloxane (A) in R-113 (10 wt. %) 
and a solution of polyorganosiloxane (B) in R-113 (10 wt. %). 

Hundred grams of the fluorine- containing polymeric segment 

10 and 100 g. of the solution of the fluorine- containing polymer and 40 g. 

of the solution of the polysiloxane (A) (Example 6) or 40 g. of the 
solution of the polysiloxane (B) (Example 7) or a mixture of 20 g. of 
the solution of the polysiloxane (A) and 20 g. of the solution of the 
polysiloxane (B) (Example 8). 

15 R-113 was removed from each mixed solution by a vacuum 

drier and then, the residue was heated at 80°C for 1 hour to obtain a 
dry rubber. Each butyl rubber stopper was prepared by mixing 
10 wt. parts of each rubber with 100 wt. parts of butyl rubber compound 
and press-molding the mixture. A needle penetration of the rubber 

20 stopper by an needle for injection was tested. The needle penetration 

of the rubber stopper was excellent and any contamination of impuri- 
ties in water for injection was not caused by the needle penetration 
through the butyl rubber. 
Polyorganosiloxane (A) 

25 CH 3 CH 3 

(CH 3 ) 2 SiO(SiO) mo — (SiO) 2 OSi(CH 3 ) 2 

CH 3 (CH 2 ) 3 NHC 2 H 4 NH 2 
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Polyorganosiloxane (B) 



CH 3 CH 3 
(CH 3 ) 3 SiQ(|iO)~ 0 — { k 0 ) 3Q OSi(CH 3 ) 2 
CH 3 • (CH 2 ) 3 NH 2 
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CLAIMS 

m ♦ 

1. A rubber stopper for sealing which comprises 
a substrate of a rubber stopper which is partially or 
wholly coated with a fluorine-containing elastomer 
characterised in that the fluorine-containing elastomer 
comprises a graft copolymer having rubber-like 
elasticity and having chemical linkages of fluorine- 
containing polymeric segments and organopolysiloxane 
segments at reactive sites of said segments. 

2. A rubber stopper according to claim 1, wherein 
the number average degree of polymerisation of the 
fluorine-containing polymeric segments is from 50 to 
10,000 and the number average degree of polymerisation 
of the organopolysiloxane segments is from 50 to 50 , 000. 

3. A rubber stopper according to claim 1 or claim 
2, wherein the fluorine-containing polymeric segments 
consist of two or more different units at least one of 
which is a fluorine-containing olefinic unit. 

4. A rubber stopper according to claim 1 or 

claim 2 , wherein the fluorine-containing polymeric segment 
is made of units of a copolymer of tetraf luoroethylene 
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and propylene, and. glycidyl vinylether as reactive sites, 
and the organopolysiloxane* is made of units of at least one 
selected from polymers of dimethyl siloxane and polymers 
of methyl trif luoropropyl siloxane, and having amino 
groups as reactive sites. 

5. A rubber stopper according to claim 4, wherein 

the side chain having amino group in organopolysiloxane 
is selected from aminopropyl, N-aminoethylaminopropyl , 
and N-cyclohexylaminopropyl. 

6 * A r ut>ber stopper according to claim 1, 2 or 4 

wherein 100 parts by weight of fluorine-containing 
polymeric segments are chemically grafted to 1 to 2000 
parts by weight of organopolysiloxane segments. 

7. A rubber stopper according to any preceding 
claim wherein the rubber stopper is adapted for a 
pharmaceutical application such as a rubber stopper 
for sealing a bottle for injection purposes. 

8. A rubber stopper according to any preceding 
claim wherein a cured coating layer is formed by curing 
in the presence of a curing accelerator. 
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9. A rubber stopper according to claim 8 wherein 

the cured coating layer is formed by heating a fluorine- 
containing elastomer having glycidylvinyl ether as curing 
units at a temperature from room temperature to 250°C. 

10- A rubber ^stopper according to any of claims 1 to 

7 wherein a fluorine-containing elastomer having 
glycidylvinyl ether as curing units is heated in the 
absence of a curing accelerator to form the cured 
coating layer. 

11. A rubber stopper according to claim 10 wherein 

the cured coating layer is formed by heating at 130 to 
200°C for curing. 
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